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IN-LINE MEASUREMENT OF TOTAL AND ISOTOPIC PLUTONIUM CONCENTRATIONS BY GAMMA-RAY SPECTROMETRY Abstract
This report describes preliminary experiments studying the feasibility of gamma-ray spectrometry for in-line measurements of plutonium in solu tions. We measured the isotopic 
Introduction
-lproblems associated with the measui.-t:,-nents.
We conducted two separate experi ments, the fi**st on concentrated plutonium ui*.rate solution from which the Am and " Pu had been chem ically removed (simulating the solu tion found in the product load-out area til" a reprocessing plmu), and the second on a solution that simulated an "aged" pluuonium solution (as would be found in storage areas).
Our results indicate that both
Isotopic and total measurements can be made with precisions in the range of 0.23 to 0.5%.
Discussion of Method
Our experimental design called for a direct measurement of gamma rays emitted by the plutonium in the solution and a separate measurement of two closely spaced gamma rays at 122 keV that had been transmitted through the solution.
DIRECT MEASUREMENT TECHNIQUE sufficiently abundant gamma rays to be detected using germanium detector systems.
The gamma-ray energies and inten sities for these isotopes have been 12 3 carefully characterized. ' ' These data are useful for designing spec troscopic procedures since different procedures, or at least variations of them, are required depending on the type of matjrial to be analyzed.
For example, the low-energy spectra of recently processed plutonium ( Fig. 1) are considerably different from spectra of the same material after it has been allowed to age (Fig. 2) . As a result, the experi mental counting arrangement should be tailored for the specific sample, and separate analysis programs must be written to interpret the spectra.
A general discussion of the spectral features and our approach to computer reduction of the data lias been given 4 in an earlier report.
Although we have made several procedural improve ments since the initial report, our discussions will emphasize experi mental design and results, not details of methodology. However, we give here a brief review and discussions of some significant problems not described in earlier reports. Pu. This peak grouping consists of up to 14 x rays and gamma rays.
However, since x rays of this energy have a significant intrinsic line width (about 100 eV), the observed peak shape distribution is noticeably different from that of a gamma-ray peak of equivalent energy ' (see Fig.   4 ). We made considerable effort to develop an algorithm that would ade quately describe the shape of x-ray peaks. A description of the problem and its mathematical solutions are treated in a separate report.
DIFFERENTIAL ATTENUATION TECHNIQUE
The principle underlying this technique is simply that the trans mission, T, of a gamma ray by a material is related to 1) the amount of the material present, x, and 2) the absorption coefficient, u, of the a The branching intensities shown for U include the a-branching probability of Pu. The values therefore represent photon emission probability per decay of 241 P u, assuming a decay equilibrium has been established. This is a very complex region, consisting of up to 14 x rays and gamma rays that must be interpreted for the isotopic analysis of aged plutonium samples. For solutions, the-Pu x-ray contribution from a-induced fluorescence will be substantially less than is shown here.
-7- For composite materials, the total attenuation is given by the same expression except that y*x now can be considered to he the sum uf its com ponent elements, thai is <"•*>total = E U i ' X i ' (2) In principle, one additional consti tuent can now be determined for every 
Experimental Design
Since -13-
Experimental Procedures
We dissolved approximately 5 g of plutonium oxide and measured the isotopic abundances shown in Table 2 by mass spectrometry. Four separate spectra were generally taken during each counting period, two counts for each cell configuration.
That is, two duplicate spectra were taken of the thin cell and similarly, two transmission measurements were made. Many replicate spectra were taken during nighttime periods, and these were used to study the preci sion of the analyses as well as drifts in the system.
In this way spectral measurements were taken at plutonium concentrations ranging from about 350 g/litre down to about 140 g/litre. The spectra were analyzed using computer program that had been specifically written to reduce and interpret them. Determined by mass spectrometry.
-14-
Discussion of Results

EXPERIMENT USINC RECENTLY REPROCESSED PLUTOSIUM
The -17- assigned to the measurement. However, explanations will be presented later.
there does appear to be a small but definite nonlinearity to the fit as Table 3 Even so, the results are encouraging and, as Table 4 and Fig. 17 show, the fit improves significantly with one additional degree of freedom.
Results of Isotopi.c Ratio Measurements
The experiment also allowed us to study the precision with which isotopic ratio measurements can be made as a function of plutonium concentration.
The measurements are summarized in Table 5 was not determined by direct counting but was calculated 
EXPERIMENT USING AGED PLUTONIUM
The experiment using aged plutonium solution was conducted in much the same way as the preceding experiment.
However, in this experiment, we counted a Pu sample periodically Table 4 from the differential  transmission measurements of Table 3. -23- The only renormalization that appeared justified was after a weekend, during which repetitive counts were taken.
° s'"
A linear fit of the experimentally measured values and true values is shown in Table 7 and 
Results of Isotopic Ratio Measurements
The analysis program for this case 241 computes assay results for Am as well as for the isotopes of plutonium.
The individual results are given in Table 8 from which relative standard deviations can be calculated. As with the first experiment, there is very little bias in isotopic results with change in plutonium concentration.
-26- Table 7 from the differential  transmission measurements of Table 6 .
-28-
Conclusions
The overall results of these experiments are very encouraging.
They demonstrate that plutonium con centration and isotopic measurements can be made to within 0.25 to 0.5%.
However, the results only indicate the applicability jf the technique.
Many more experiments must be made to investigate the effect of changing parameters held constant in these experiments, e.g., the isotopic abun dances, and to improve upon those parts of the experimental design or procedures that we know to be weak or not adequately understood. In future experiments we will also try to make independent measurements for each of the two gamma rays. This will reduce the problem in describing the background and eliminate the imbalance in peak height ratio at the extremes of the concentration range.
However, it will require two separate counts for which we will need highly stable detector and counting systems. 
